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Abstract 
The inhalation of the aroma of Rosemary essential oil has been shown to en-
hance cognition in healthy adults. In this independent groups design study we 
exposed forty schoolchildren aged nine to eleven years to either Rosemary 
aroma or no aroma in a classroom setting where they completed standardised 
tests of working memory in fifteen minute procedure. Analysis of the data re-
vealed that performance on the Immediate serial recall, Sentence span, and 
Counting span tasks were significantly better in the Rosemary aroma condi-
tion and possessed medium to large effect sizes. This is the first study to 
demonstrate such effects in children and suggests that the potential for en-
hancement is greater than in adults. The findings are discussed in terms of the 
potential for improving academic attainment through natural interventions 
and the possible mechanisms behind such effects. 
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1. Introduction 
Plant extracts and essential oils have been used in medicine, spiritual rituals, and 
social events and occasions since before the advent of written history [1]. The 
aromas of such products have an equally well documented record of application 
in religious, environmental and personal domains, and for a wide range of pur-
ported benefits [2]. In the contemporary domain, evidence exists for the benefi-
cial use of aromas to change smoking behaviours [3] aid weight loss during di-
eting [4], and moderating blood pressure via aromatherapy massage to the feet 
[5]. In addition to the influence on aspects of health and wellbeing a number of 
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studies have investigated possible effects on cognition. Warm and colleagues [6] 
demonstrated that Peppermint (Mentha piperita) aroma could enhance vigilance 
performance independent of subjective evaluations of stress during task per-
formance. In contrast Peppermint aroma has been demonstrated to positively 
impact on both cognition and changes in pre- to post-testing mood state when 
compared to Ylang Ylang [7]. Clearly, the type of cognitive assessments, subjec-
tive variables and the timing of their recording play important roles in the pat-
tern of effects observed.  
One aroma that has received attention is that of Rosemary (Rosmarinus offi-
cinalis). With a reputation for its beneficial effects on memory [8] it is perhaps 
not surprising that interest has gathered on the potential for Rosemary aroma to 
enhance cognition. An early investigation reported that Rosemary not only im-
proved cognition—as assessed through mathematical calculations—but also im-
pacted on subjective reports of mood that were further reflected in EEG wave-
form measurements [9]. A subsequent computerised cognitive assessment of the 
effects of exposure to Rosemary aroma identified positive effects on long term 
memory [10], a finding later supported by investigations into prospective mem-
ory [11]. The effects reported in these studies were observed in adults aged 18 to 
35 years, and an interesting question can be focussed around the potential for 
effects outside of this age group. A Cochrane review of aromatherapy exists for 
its use in dementia [12], and a small number of papers review treatment effects 
for non-dementia age related ailments [13] [14]. With regard to younger popu-
lations aromatherapy has been examined as a possible intervention for sleep 
problems in autism [15], anxiety during stem cell infusion [16] and dental 
treatment [17], and as a complementary treatment for chronic pain [18]. In ad-
dition, an interesting odour association effect has been demonstrated in school 
children [19]. Five-year-olds were given the experience of failure on a cognitive 
maze in a room scented with fragrance and later given another cognitively chal-
lenging test in a different room scented with either the same odour, a different 
odour, or no odour. Children who performed the test in the presence of the 
same odour as the maze task did significantly worse than subjects in any other 
group. This association however does not represent the impact of the odour in-
dependently and it is such effects that are of interest here. A review of the gen-
eral literature concludes that the use of aromas in the classroom could enhance 
performance via changes in alertness [20], but does not cite any experimental 
demonstrations in School settings. We aim to address this in the current study.  
Human memory is usually disaggregated to a series of subsystems and proc-
esses defined by long term memory and the tripartite system of working mem-
ory that can be conceptualised as consisting of a central executive and two 
semi-independent slave systems; the visuospatial sketch pad and phonological 
loop [21]. Importantly for the developing child a body of research has investi-
gated the importance of working memory and its components in relation to 
scholastic attainment [22] [23]. Exploration has been made into working mem-
ory training to improve performance in children across the ability spectrum 
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[24], with clear suggestions that as a predictor of subsequent achievement work-
ing memory is better than IQ [25], especially for those with learning difficulties 
[26] [27].  
Given the importance of working memory in the educational domain it is 
perhaps not surprising that potential interventions to augment performance 
have been investigated. Physical activity that improves cardiorespiratory fitness 
has been shown to improve working memory performance in pre-adolescents 
[28]. The impact of breakfast and diet have also been the subject of attention, 
and although the findings are clear in respect the negative impact of poor diet 
[29] [30], the identification of the best breakfast to enhance performance has 
proven more difficult [31] [32] [33]. A recent review of micronutrient supple-
mentation studies concluded that positive effects were only to be found for chil-
dren deficient as a consequence of diet, with no overall enhancement effects ob-
served [34]. 
Interestingly, there appear to be no published trials investigating the potential 
effects of ambiently diffused aromas of essential oils on children’s working 
memory performance. Given that a potential for enhancement exists based on 
the adult aroma literature, and that any improvement could feed into later scho-
lastic attainment this seems somewhat surprising. It is the purpose of the current 
study to begin to address this, with an investigation of the effect of the aroma of 
Rosemary essential oil on aspects of working memory in children aged nine to 
eleven years. 
2. Method 
2.1. Design 
A one factor independent groups experimental design was employed. The inde-
pendent variable was the presence or absence of the ambient aroma of Rose-
mary. The dependent variables were the working memory measures of Immedi-
ate Serial Word Recall, Digit Span, Sentence Span and Counting Span and the 
long term memory measure Delayed Word Recall. 
2.2. Participants 
A total of forty year six pupils attending a Primary School in the North East of 
England volunteered to take part in the study. Parental consent was obtained 
using an “opt out” methodology following written communication to all parents 
and guardians regarding the nature and aims of the study. None of the children 
were withdrawn from the study based on this process. All participants were 
randomly allocated to one of two conditions. The Rosemary group consisted of 
11 boys and 9 girls, M age = 10.8 yrs, SD = 0.7. The no aroma control group 
consisted of 11 boys and 9 girls, M age = 10.9 yrs, SD = 0.8.  
2.3. Testing Room 
The room used for all testing was quiet and separate from the main classrooms. 
It measured 4 m long × 4 m wide × 2.4 m high with a window stretching along 
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one wall, and contained one round table and two chairs and a filing cabinet. The 
walls were bare save for a clock and a blackboard.  
2.4. Materials and Tasks 
The Rosemary aroma was produced by diffusing six drops of “Tisserand” or-
ganic Rosemary essential oil (First Natural Brands Ltd., Brighton, UK) using a 
Tisserand Aroma Stream Difuser set to the high fan setting for a period of ten 
minutes prior to testing.  
The Immediate Serial Recall Task consisted of three trials. Each trial consisted 
of the oral presentation of six high frequency single syllable words at a rate of 
one every two seconds. A typical word list was “mouse, girl, box, hand, moon, 
dog”. No word appeared in more than one trial. For each trial participants are 
required to recall the words in the correct serial order. The number of correctly 
recalled words was recorded. This task is designed to provide a measure of pho-
nological working memory [35]. 
The Digit Span Task comprised of sets of three successive trials. Each trial 
consisted of the oral presentation three numbers ranging from 1 to 16 eg 3, 12, 5. 
Participants are required to recall the digits in the correct order for each trial 
and if successful the next set of three trials increased the numbers presented by 
one. When the participants failed to recall in correct serial order less than two 
trials in a set the testing stopped and the recorded digit span was the maximum 
list length at which two out of the three trials were correct. This task is consid-
ered a good measure of phonological working memory with a central executive 
component [36]. 
The Sentence Span Task was adapted from the Listening Span Task [37] using 
simple sentences of less than ten words, presented orally in sets of increasing size 
beginning with two sentences. The participant is asked to judge the veracity of 
each sentence in turn and then to recall in any order the last word in each sen-
tence. Testing was stopped when the child failed to correctly recall the last word 
in every sentence in the set. The number of sentences per trial previous to this 
was scored as the child’s sentence span. This task is designed to tap into phono-
logical loop and central executive functions of working memory [38]. 
The Counting Span Task consisted of an A5 sized booklet containing white 
pages on which were printed arrays of red dots. The number of dots per page 
ranged from 3 to 6 and was sequenced through the booklet in a randomly de-
termined order. Participants were required to count the dots on three successive 
pages and then recall the number on each in correct serial order. The task was 
then repeated twice and if successful the next set of trials consisted four pages of 
dots, and so on. Testing stopped when the child failed to recall in correct serial 
order the number of dots on two pages or more in two trials of any given level. 
The child’s counting span was the maximum number of pages per trial from the 
level previous to this. The counting span task has been shown to be effective in 
tapping the central executive function of working memory [38]. 
The Delayed Word Recall Task required participants to think back to the first 
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memory game they took part in and recall in any order any of the words from 
that game. Number of correctly recalled items was recorded. This task is de-
signed to measure long term verbal recall [36]. 
2.5. Procedure 
The study gained approval from the Faculty of Health and Life Sciences ethics 
committee at Northumbria University, Newcastle, UK. In the Rosemary aroma 
condition four drops of essential oil were placed on the pad of the diffuser which 
was then placed out of sight and switched on for five minutes prior to testing 
each participant. On completion of the testing day the window was opened to 
refresh the air for the following day. The children were tested individually, 
seated at the table opposite the researcher. After introducing herself to the child 
the researcher said “you are here to play some memory games. Please don’t be 
nervous but try the best you can to remember what I ask you to”. At this point 
the child was given the opportunity to withdraw from the study if they felt un-
comfortable continuing. The tasks were then completed in the same order for 
each child; Immediate Serial Recall, Digit Span, Sentence Span, Counting Span, 
Delayed Word Recall. The testing procedure took approximately 15 minutes per 
child. When all the children had been tested the class were debriefed and any 
questions answered. 
3. Results 
The data consisted of five memory scores for each of the forty participants. 
Analysis of the data was performed in SPSS version 22 using independent samples 
t-tests and the calculation of Cohen’s d measures of effect size for each variable. 
3.1. Immediate Serial Recall 
Analysis revealed a significant difference between groups t(38) = 2.53, p < 0.05. 
Comparison of the means indicated that children in the Rosemary aroma condi-
tion (mean = 4.60 words) scored significantly higher than those in the no aroma 
control condition (mean = 3.37 words), Cohen’s d = 1.1 representing a large ef-
fect size (Figure 1). 
3.2. Digit Span 
Analysis revealed no significant difference between groups t(38) = 1.36, p = 
0.18. Although not significant, comparison of the means indicated that chil-
dren in the Rosemary aroma condition (mean = 5.20 digits) recalled numeri-
cally more digits correctly than those in the no aroma control condition (mean 
= 4.85 digits), with a Cohen’s d = 0.35 representing a small to medium effect 
size (Figure 2). 
3.3. Sentence Span 
Analysis revealed a significant difference between groups t(38) = 2.51, p < 0.05.  
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Figure 1. Immediate serial recall. Mean number of correctly recalled words. Error bars 
represent standard deviations. 
 
 
Figure 2. Digit span. Mean correctly recalled digits. Error bars represent standard devia-
tions. 
 
Comparison of the means indicated that children in the Rosemary aroma condi-
tion (mean = 4.60 sentence end words) scored significantly higher than those in 
the no aroma control condition (mean = 3.37 sentence end words), Cohen’s d = 
0.65 representing a medium to large effect size (Figure 3). 
3.4. Counting Span 
Analysis revealed a significant difference between groups t(38) = 6.91, p < 0.05. 
Comparison of the means indicated that children in the Rosemary aroma condi-
tion (mean = 4.70 correctly recalled page totals) scored significantly higher than 
those in the no aroma control condition (mean = 3.80 correctly recalled page to-
tals), Cohen’s d = 0.9 representing a large effect size (Figure 4). 
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Figure 3. Sentence span. Mean correctly recalled sentence end words. Error bars repre-
sent standard deviations. 
 
 
Figure 4. Counting span. Mean correctly recalled page totals. Error bars represent stan-
dard deviations. 
3.5. Delayed Word Recall 
Analysis revealed no significant difference between groups t(38) = 1.45, p = 0.15. 
Although not significant, comparison of the means indicated that children in the 
Rosemary aroma condition (mean = 6.35 words) recalled numerically more cor-
rectly than those in the no aroma control condition (mean = 5.60 words), with a 
Cohen’s d = 0.38 representing a small to medium effect size (Figure 5). 
4. Discussion 
The results of this study show that exposure to the aroma of the essential oil of 
Rosemary can significantly enhance performance on working memory tasks in 
children. The effect sizes obtained ranged from small to large based on Cohen’s  
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Figure 5. Delayed word recall. Mean correctly recalled words. Error bars represent stan-
dard deviations. 
 
criteria [39], with the largest observed for the immediate serial recall and the 
counting span tasks. Previous studies that have employed healthy adults as the 
participant sample have reported smaller effect sizes than those observed here [9] 
[10]. This differential in effects may be the consequence of general age-related 
changes in physiological and pharmacological sensitivity that have been reported 
for a range of drugs and toxins [40]. If this is the case it would offer support to the 
previously proposed pharmacological mechanism that may underpin the activity 
of Rosemary aroma [41]. However, without further data that permit correlation 
between serum-based components derived from the essential oil and measures of 
performance such a conclusion is only tentative, and is not the only plausible ex-
planation of the observed effects. It is possible that a quasi-pharmacological in-
crease in cortical arousal derived from the wide ranging innervations projecting 
from the olfactory bulb to many areas of the brain [42] improves performance 
[43].  
An important aspect of this work relates to the possible implications of expo-
sure to aromas amongst schoolchildren and their subsequent academic attain-
ment. Previous work [22] [23] [24] has investigated the link between working 
memory and attainment and suggests the possibility for working memory to be 
correlated with attainment in Maths English and Science. This raises the in-
triguing possibility that exposure to the aroma of the essential oil of Rosemary 
may improve the academic ability of pupils as measured by standardised tests. 
However, although training in working memory skills has been shown in a 
number of studies to lead to short term improvements in working memory per-
formance these have not translated into concomitant improvements in tests of 
attainment [24]. Why the correlation between working memory and attainment 
does not persist when working memory is improved through training is not 
clear, although the authors suggest that the nature of the training employed in 
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these studies is not transferable to other less directly related tasks. Indeed, they 
argue that working memory training may produce some modality specific effects 
on memory processes, whereas working memory includes a domain free execu-
tive attention system and it may be this that relates more directly to academic 
attainment. Of course, the current study did not “train” working memory to 
achieve improvements. Rather the improvements are seen as a consequence of 
the exposure to ambient aroma, and a more generalised impact might be evident 
via an impact on the domain free executive system. This suggestion might sup-
port greater transference to attainment. Such a possibility warrants attention and 
a follow up study should consider measuring academic attainment in tandem 
with working memory skills including tasks that tap into this system. Interest-
ingly, a personal communication regarding an unpublished study performed in 
Japan suggests that Maths ability is improved by Rosemary aroma in healthy 
children [44], although working memory was not included and so the correla-
tion cannot be established. 
Beyond the possibility of producing enhancements in cognitive performance 
and the impact on academic ability lies the question of mechanisms. A number 
of possibilities have been outlined. The hedonic valence mechanism asserts that 
the degree of pleasure/displeasure that is gained from an experience defines the 
moods that emerge from it, and that mood state affects cognitive and behav-
ioural responses. Evidence suggests that hedonic valence is affected by aromas 
[45], although more recent evidence shows that when this is controlled for aro-
mas including Rosemary still impact on mood [46]. The children in the current 
were not asked about the perceptual pleasantness of the aroma or their mood so 
an evaluation of this mechanism cannot be made. We argue however, that this 
mechanism seems an unlikely candidate for the effects found as they were not 
equal across all tasks, and the mechanism does not imply any level of domain 
specificity. The quasi-pharmacological mechanism describes how volatile com-
pounds present in the aromas stimulate the olfactory bulb that then projects in-
nervations throughout the brain [47]. Each aroma would—by virtue of its 
chemical make up—possess an idiosyncratic pattern of stimulation based on 
those constituent parts, and the pattern of observed effects may reflect such, with 
differences in increased activation for each task. However, the current authors 
favour a third possible mechanism. The pharmacological mechanism suggests 
that active volatile compounds enter the blood stream via the nasal or lung mu-
cosa. Although the levels of absorbed molecules may be relatively low, such con-
stituent compounds of essential oils have been recorded in the blood of rodents 
[48], and humans [41] following exposure to vapours of essential oils. Moreover, 
in the human trial, recorded serum levels of 1,8 cineole (the major volatile con-
stituent of Rosemary essential oil) correlated with cognitive performance for 
some, but not all tasks included in the study. This correlation is important as in 
vitro evaluations of 1,8 cineole have shown that it may possess direct pharma-
cological properties [49], or act as a suitable marker for the absorption of the 
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highly active compounds rosmarinic acid [50] and ursolic acid [51] that are 
found in Rosemary essential oil. In terms of the overall pattern of impact on 
cognition, we contend that there is the potential for a synergistic effect derived 
from the presence of all three of these compounds in blood serum as previously 
reported elsewhere [52]. Given their small size and lipid soluble chemical nature 
passage across the blood brain barrier would be facilitated [53], permitting direct 
action at the neuronal receptor site, or indirectly at the enzymatic level. The dif-
ferential in impact across tasks being a consequence of the involvement of spe-
cific neurotransmitter systems that underpin their performance. 
Despite active compounds being identified in blood serum following exposure 
to aromas, the issue of dosing in aroma-based studies is one that consistently 
proves to be problematic. When aromas are diffused ambiently as in the current 
study there is little or no control of the amount being delivered to individual 
participants. Assumptions have to be made regarding equal aroma diffusion in 
the testing room and similar breathing patterns of participants. Two factors that 
almost certainly will vary [54] [55]. In order to try to control the dose of aroma 
being delivered, nasal cannula or face masks attached to a controlled delivery 
device can be employed. Studies employing such techniques could prove valu-
able in examining dose response curves and absorption rates. However, the cur-
rent authors argue that ecological validity of aroma use is an important aspect 
here, and that the loss of precision in ambiently diffused aroma studies is a 
bearable cost in order to examine how aromas might influence behaviour when 
employed in a naturalistic manner. 
5. Conclusion 
In summary, the findings presented here support those of previous work that 
suggest the aroma of the essential oil of Rosemary can positively influence cog-
nition. The potential for further investigations into controlled atmosphere diffu-
sion is intriguing but possesses a number of ethical implications. For the indi-
vidual interested in making positive lifestyle interventions, the potential benefits 
of aromas continue to offer opportunities for improved health, wellbeing and 
cognition. 
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